REPORT  DOCUMENTATION  PAGE 

OMB  No.  0704-01  SB 

3-ot-c  ’eocr  -^c  oj-raen  ■; J'  cofrnietmg'and  rfv.ey*.ng  me  coilenion  of  mtormanon.  Send  <ommeni»  regarding  this  burden  estimate  or  any  other  of  th.s 

gamer.rg  ma  jL^„ti'ons  <or  rMucmg  this  ouroen  ?o  Washington  Headquarters  Services.  Oirectorate  for  information  Operations  and  lefferson 

|Oiiea^cn^o  ^lo  va  302.  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Pro(ect <0704-01 88).  Washington,  DC  20S03 

’i  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  ANI 

Jnlv  IQQfi  Filial  Technice 

0  DATES  COVERED 

il  Report  6/1/93-5/31/96 

4.  TITLE  AND  SUBTITLE 

Anionically-Conductive  Ultrathin  Film  Composite  Membranes 

5.  FUNDING  NUMBERS 

AFOSR-AASERT-F49620-93- 

1-0343 

\\02^D> 

/AS 

6.  AUTHOR{S) 

Charles  R.  Martin 

7.  PERFORMING  ORGANIZATION  NAM£(S)  AND  ADDRESS(ES) 

Colorado  State  University 

Department  of  Chemistry 

Fort  Collins,  CO  80523-1872 

( 

8.  PERFORMING  ORGANIZATION 
- -  uilMBER 

^OSR-TR-96 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 

Department  of  Air  Force 

Air  Force  Office  of  Scientific  Research/NL 

110  Duncan  Avenue,  Suite  B115 

Bolling  AFB,  DC  20332-0001 

AUtnvi  .... 

F49620-93-1-0343,  POOOOl 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Reproduction  in  whole  or  part  is  permitted  for  any 
purpose  of  the  United  States  Government.  This  document 
has  been  approved  for  public  release  and  sale;  its 
distribution  is  unlimited. 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  words) 


We  developed  new  approaches  for  preparing  ultrathin  film  composite  membranes 
based  on  the  anionically/electronically  conductive  polymers  that  were  of  interest 
to  this  research  effort.  Of  particular  interest,  we  developed  methods  for  coating 
microporous  hollow  fibers  with  thin  films  of  such  pol3rmers.  This  is  important 
because  hollow  fiber  supports  provide  the  highest  active  surface  area  per  unit 
volume  of  any  support  material.  High  surface  area  insures  high  permeant  (e.g., 
anion,  molecule  or  electron)  flux.  In  addition,  we  showed  that  these  anion/ 
electron-conductive  polymers  can  be  used  to  drive  electron/ion  transfer  reactions 
across  membranes  containing  these  polymers. 


OTTAiJmr  it^psotsd  b 


14.  SUBJECT  TERMS 

Ultrathin  film  composite  membranes,  electrochemistry^ 
ion-transport 

IS.  NUMBER  OF  PAGES 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

20.  LIMITATION  OF  ABSTRACT 

Of  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

Unclassified 

Unclassified 

Unclassified 

Unclassified 

Standard  Form  298  (Rev  2*89) 


0  5  MJG 


Prescnbed  by  ANSI  Sid  ^39- 
i9B*l02 


NSN  7540*01-280-5500 


AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 


Contract  AFOSR-AASERT-F49620-93-1-0343 


FINAL  TECHNICAL  REPORT 
for  Period  1  June  1993  to  31  May  1996 


"ANIONICALLY-CONDUCTIVE  ULTRATHIN  FILM  COMPOSITE  MEMBRANES" 


by 


Charles  R.  Martin 
Department  of  Chemistry 
Colorado  State  University 
Ft.  Collins,  CO  80523-1872 


30  July  1996 


This  dociunent  has  been  approved  for  public  release 
and  sale;  its  distribution  is  unlimited 


AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 
110  Duncan  Avenue,  Suite  B115 
Bolling  AFB,  DC  20332-0001 


1 9961 01 5  033 


FINAL  TECHNICAL  REPORT 


This  is  the  final  technical  report  for  the  AFOSR-AASERT-F49620-93- 1-0343 
sponsored  research  project,  "AnionicaUy-Conductive  Ultrathin  Film  Composite 
Membranes."  This  report  summarizes  progress  made  during  the  period  June  1,  1993,  to 
May  31, 1996. 

Objectives: 

The  objective  of  this  research  effort  was  to  explore  ion,  mass  and  electron  transfer 
in  anionically-conductive  iiltrathin  film  composite  membranes.  These  ultrathin  film 
composite  membranes  consisted  of  a  microporous  support  material  coated  with  an 
ultrathin  skin  of  a  selectively  permeable  polymer.  The  polymers  investigated  are  known 
collectively  as  "electronically  conductive  polymers."  Examples  studied  in  this  work  include 
polypyrrole,  polyaniline  and  poly(N-methylpyrrole).  These  are  electroactive  polymers  with 
one  redox  state  being  a  polycation.  This  allows  these  materials  to  be  anion  conductors. 
The  ultrathin  film  composite  approach  allows  for  high  rates  of  ion  (and  mass  and  electron) 
transport  due  to  the  \iltrathin  nature  of  the  polymer  film. 

Status  of  Effort: 

Unfortunately,  this  is  a  final  report.  This  is  due  to  the  fact  that  the  program 
under  which  this  work  was  sponsored  (headed  by  Dr.  John  Wilkes)  was  terminated.  As  a 
result,  work  in  this  area  has  stopped.  However,  this  was  a  very  productive  research 
program,  resulting  in  16  publications. 

Accomplishments/New  Findings: 

The  work  is  presented  in  detail  in  the  16  publications  that  have  resulted  from  the 
research  program.  Hence,  a  detailed  review  is  not  needed  in  this  report.  Suffice  it  to  say, 
however,  that  we  developed  new  approaches  for  preparing  ultrathin  film  composite 
membranes  based  on  the  anionically/electronically  conductive  polymers  that  were  of 
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interest  to  this  research  effort.  Of  particular  interest,  we  developed  methods  for  coating 
microporous  hollow  fibers  with  thin  films  of  such  polymers.  This  is  important  because 
hollow  fiber  supports  provide  the  highest  active  surface  area  per  unit  volume  of  any 
support  material.  High  surface  area  insures  high  permeant  (e.g.,  anion,  molecule  or 
electron)  fl\ax. 

In  addition,  we  showed  that  these  anion/electron-conductive  polymers  can  be  used 
to  drive  electron/ion  trEinsfer  reactions  across  membranes  containing  these  pol3maers. 
These  membrane,  in  a  sense,  mimic  biological  membranes  that  allow  for  simultaneous  ion 
and  electron  transfer.  In  our  case  the  transport  processes  were  driven  by  the  free  energy 
change  of  the  electron  transfer  process.  That  is,  an  electron  donor  was  placed  on  one  side 
of  the  membrane  and  an  electron  acceptor  was  placed  on  the  other.  The  transport  process 
(which  entail  both  electron  and  ion  transport  across  the  membrane)  is  driven  by  the  free- 
energy  change  of  the  donor/acceptor  reaction. 

The  other  important  point  to  note  is  that  we  have  shown  that  these  ion/electron- 
transport  polymers  (the  electronically  conductive  polymers)  can  show  exceptional  gas- 
transport  selectivity.  In  particular,  we  have  been  interested  in  O2  transport  selectivity  in 
membranes.  Membranes  which  selectively  transport  O2  (in  particular  with  respect  to  N2) 
have  numerous  commercial  and  technological  apphcations.  These  include  iwssible  uses  in 
fuel  cells  for  enrichment  of  the  O2  in  the  feed-gas  stream  and  uses  in  industrial  gas 
separations.  We  showed  as  part  of  this  work  that  the  electronically  conductive  polymer 
polyaniline  can  have  an  Oj  vs.  Nj  transport  selectivity  coefficient  as  high  as  15.  This 
means  that  an  ultrathin  film  composite  membrane  based  on  polyaniline  shows  a  15  times 
higher  flux  for  O2  vs.  Ng  when  both  molecules  are  present  on  the  feed  side  of  the 
membrane  at  the  same  partial  pressure.  This  is  one  of  the  highest  2  vs.  N2  selectivity 
coefficients  to  be  described  in  the  literature  to  date. 
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